in Epon (Weibull et al., 1983) .
A number of methods have been devised which attempt to reduce loss of lipids during fixation and to increase their electron density on thin sections. The most common such preparatory techniques are staining with osmium tetroxide and intensification with phosphotungstic acid (Hayat, 1975) , and enhancement of the lipid-osmium compound by addition ofp-phenylenediamine (Boshier et al., 1984; Ledingham and Simpson, 1970, 1972) or imidazole-buffered osmium tetroxide (Angermuller and Fahimi, 1982) . Lipids can also be preserved by tannic acid-paraformaldehyde-glutaraldehyde fixation (Nickerson, 1983) . lipids is well documented in pre-dentin and dentin (Ellingson et al., 1977; Prout et al., 1973; Shapiro et al., 1966) , we failed to detect extracellular lipids with any of these methods. When [3H]palmitic acid was injected as precursor, wide diffusion of the silver grains was observed over the pre-dentin and throughout the entire dentin 4 hr and 24 hr later. The fact that, contrary to Irving's results (Irving and Wuthier, 1961; Irving 1958 Irving , 1959 , no labeled band was formed between pre-dentin and dentin led us to condude, after this preliminary autoradiographic study, that the lipids detected were membrane-associated components rather than true matrix-associated components (Goldberg and Escaig, 1984b ).
In the next step in our investigation, we used the malachite green-aldehyde technique (MGA)ofTeichman et al. (1972, 1974) , for which spot tests had indicated strong interaction with certain phospholipids (Boshier et al., 1984; Teichman et al., 1974) . This allowed us to observe filaments and granules in the pre-dentin in the spaces located between the collagen fibers (Goldberg and Septier, 1985; Goldberg et al., 1984 I r this purpose, specimens were placed in 50 ml centrifuge tubes containing 10 ml of 2.5% osmium tetroxide in acetone.
These tubes were immersed for 72 hr in a Dewar flask containing ethanol at -90C using the evaporation probe of an immersion cooler (Cryocool CC-100, Neslab Instruments Inc., NH). The temperature in the flask was allowed to rise to -30'C in 6 hr. The tubes were maintained for another 2 hr at this temperature and were then allowed to warm to room temperature, after which the specimens were removed, rinsed in pure acetone, and embedded in Epon.
Malachite

Green-Acrolein
Staining.
The second group of rapid. for 5 days. After being re-warmed they were freeze-substituted for 3 days in 10 ml 2.5% osmium tetroxide in acetone, and then embedded in Epon.
Methanol-treated Frozen Specimens. All sections were examined with a Philips 300 electron microscope at 80 kV.
Results
Comparison of tissue samples fixed by a conventional method ( Figure  1 ), by MGA ( Figure  2) , by rapid-freezing and freezesubstitution ( Figure  3) , and by rapid-freezing and freezesubstitution using malachite green-acrolein (Fr.MGAO) ( Figure   4 ) showed that MGA was the only process after which thin electron-dense fibers 2-4 nm wide and granules 7-10 nm in diameter were visible in the ground substance of rat incisor predentin, some distance away from the collagen fibers ( Figure  2 ). 4 and 5) . This electron-dense material was abundant, but its distribution was irregular. Thus, it formed large aggregates in some areas but was sparse in others ( Figure  5 ). Treatment of the frozen specimens with methanol before MGAO freeze-substitution sup pressed most ofthese fibrous structures ( Figure  6 ), but the action of methanol as a lipid solvent unmasked the periodic striations of the collagen fibers in pre-dentin ( Figures  6-8) . MGAO treatment revealed a well-developed, electron-dense network in all parts of the pre-dentin. However, in the proximal zone located near the cell bodies this network was in closer contact with the periphery of the collagen fibers ( Figure  7) . As in distal pre-dentin ( Figure  6) : Figure. 11. Same treatment as Figure 10 . MGAO-positive staining is heterogeneously distributed in the dentine (d).
Original magnification x 84,000.
fibers ( Figure  10 ). In some areas they were few or nonexistent (Figure 11) . Demineralization did not affect the Fr.MGAO-stained aggregates in pre-dentin. In dentin, the same amount of electrondense precipitates was observed after MGA and MGAO staining, unlike pre-dentin, in which MGAO stained more precipitates than MGA.
Such dots were never seen on conventionally fixed, EDTA-treated sections. in rat incisor pre-dentin and dentin. Lipids have long been recognized to play a role in tissue mineralization, and calcium-acidic phospholipid-phosphate complexes and proteolipids have been chemically detected in many calcifying tissues (Boyan and Boskey, 1984; Boyan and Ritter, 1984; Yaari et al., 1984; Ennever and Riggan 1983; Ennever et al., 1984; Boskey and Timchak, 1983; Boskey et al., 1982) , although their exact role
Discussion
is not yet fully understood.
The lipids compounds visualized with MGA or Fr.MGAO differ from the narrow band stained at the pre-dentin-dentin junction seen by Irving (1959) 1985; Goldberg et al., 1984) .
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